Abstract. This paper is focused on the nonmigrating tidal activity seen in the SABER/TIMED temperatures that is related to the major sudden stratospheric warming (SSW) taking place in the Arctic winter of 2003/2004. The emphasis is on the nonmigrating diurnal tides observed in the stratosphere and lower mesosphere which is usually accepted to be insignificant in comparison with that in the upper mesosphere and thermosphere. By using different independent spectral methods we found a significant amplification in December-January of the following nonmigrating 24-h tides: zonally symmetric (s=0), eastward propagating with zonal wavenumber 1 (E1), and westward propagating with zonal wavenumbers 2 and 3 (W2 and W3) tides. It has been found that the double peak nonmigrating tidal amplifications located in the stratosphere (∼40 km) and in the lower mesosphere (∼70 km) are a consequence of the maintained hydrostatic relation. By detailed comparison of the evolution and spatial structure of the nonmigrating diurnal tides with those of the migrating diurnal tide and stationary planetary waves (SPWs) evidence for a SPW-migrating tide interaction as a source of nonmigrating tides has been presented. Therefore, the nonmigrating 24-h tides turn out to be an important component of the middle atmosphere dynamics during the major SSW in the Arctic winter of 2003/2004. 
Introduction
The sudden stratospheric warming (SSW) is a dramatic large-scale thermo-dynamical phenomenon in the winter polar region, which strongly affects the middle atmosphere. It
Correspondence to: D. Pancheva (dpancheva@geophys.bas.bg) involves considerable changes of the background wind, temperature, atmospheric waves and distributions of ozone and other chemicals not only at high latitudes. The key mechanism behind the SSW, initially proposed by Matsuno (1971) and now widely accepted, relates to the growth of upward propagating transient planetary waves and their non-linear interaction with the zonal mean flow. The interaction decelerates and/or reverses the eastward winter winds in the stratosphere-mesosphere system and also induces a downward circulation in the stratosphere causing adiabatic heating and an upward circulation in the mesosphere resulting in adiabatic cooling .
The vertical coupling of the stratosphere and mesosphere by planetary waves during SSWs has attracted significant attention recently (Coy et al., 2005; Liu and Roble, 2005; Azeem et al., 2005; Palo et al., 2005 , Shepherd et al., 2007 Pancheva et al., 2008a) . The middle atmosphere is also latitudinally coupled during SSW events. Mukhtarov et al. (2007) using UKMO reanalyses and mesospheric radar data examined the vertical and latitudinal coupling by large-scale thermo-dynamic anomalies present in the stratosphere and mesosphere of the Northern Hemisphere (NH) during the Arctic winter of 2003/2004 . Later utilizing the same data Pancheva et al. (2007 Pancheva et al. ( , 2008b reported that the coupling of the dynamical regimes in the high-and low-latitude stratosphere and mesosphere is accomplished through zonally symmetric (with zonal wavenumber zero) planetary waves present in the zonal wind.
The coupling from the stratosphere to the lower thermosphere (from 30 to 120 km) observed in the latitudinal range 50 • N-50 • S during the Arctic winter of 2003/2004 seen in the SABER/TIMED temperature data has been studied recently by Pancheva et al. (2009a, b) . The global temperature measurements provided by the SABER/TIMED give an opportunity to examine the tidal activity related to SSWs as well. While the relationship between the planetary wave activity and the SSWs is well studied, the one for the tidal activity, unfortunately, is almost unknown. To the author's Published by Copernicus Publications on behalf of the European Geosciences Union. 976 D. Pancheva et al.: Nonmigrating tides and stratospheric warmings knowledge there are only a few observational reports, based mainly on the radar measurements in the mesosphere and lower thermosphere (MLT), where the problem for the tidal behavior during the SSWs is slightly touched (Jacobi et al., 2001; Hoffmann et al., 2007) .
The present work is focused on the tidal activity related to the major SSW in December 2003-January 2004 which was particularly remarkable because it consisted of a period of nearly two months of polar vortex disruption and a reversed direction of the zonal mean flow observed in the middle and lower stratosphere (Manney et al., 2005) . The purpose is to examine whether such a violent event as the major SSW in the Arctic winter of 2003/2004 could affect the nature, temporal evolution and spatial structure of the atmospheric tides. The emphasis is on the tidal activity observed in the stratosphere and lower mesosphere which is usually accepted to be insignificant in comparison with that in the upper mesosphere and thermosphere. The migrating and nonmigrating tides (24-and 12-h tides only) are observed by the SABER/TIMED temperature measurements during the period of 1 October -31 March 2004 . An important advantage of the present study is that the tidal results are derived by a data analysis method, described in detail by Pancheva et al. (2009a) , where the tides (migrating and nonmigrating) and the planetary waves (zonally travelling and stationary) are simultaneously extracted from the satellite data. In this way a possible distortion of the weaker waves by the stronger ones, as well as some aliasing effects between the tides and SPWs were avoided.
Observations and spectral analysis

SABER temperature data
The TIMED satellite was launched on 7 December 2001 and the SABER instrument began making observations in January 2002. It measures CO 2 infrared limb radiance from approximately 20 km to 120 km altitude and the kinetic temperature profiles are retrieved over these heights using a full non-LTE inversion (Mertens et al., 2001 (Mertens et al., , 2004 . The retrieval errors, in addition to those associated with instrumental noise, are estimated by Mertens et al. (2001) and they have been found in the range between 1.4% at 80 km and 22.5% at 110 km. In this study, however, the fidelity with which the temperature variations can be determined is primarily important. In this connection, apparent variations introduced into the SABER temperatures by unmodeled variability in the assumed atomic oxygen densities is of prime concern and for this reason the results at the upper altitude of 110-120 km should be accepted with caution (Forbes et al., 2006) . SABER views the atmosphere 90 • to the satellite velocity vector in a 625 km and 73 • inclination orbit so that latitude coverage on a given day extends from about 53 • in one hemisphere to 83 • in the other. About every 60 days, the latitude ranges flip as the spacecraft yaws to keep the instrument on the anti-sun side of the spacecraft. In this way high latitude data are available only in 60-day segments, with no information for the 60 days preceding or following. This is the reason not to generate results poleward of 50 • . The TIMED orbit precesses to cover 12 h of local time in each 60-day yaw period, as ascending and descending data together give almost 24 h of local time sampling.
Our results are derived from the latest Version 1.07 of the SABER data, which were downloaded from the web site: http://saber.gats-inc.com. While there is a little difference below about 70 km from V 1.07 and V 1.06, there are substantial improvements for the upper mesosphere and lower thermosphere García-Comas et al., 2008) . We use the temperature data from 1 September 2003 to 30 April 2004, in order to obtain the daily tidal characteristics for the period of time 1 October 2003-31 March 2004 (because it takes SABER 60 days to sample 24 h in local time of ascending and descending data together). The focus is to study the temporal variability and global spatial structure of the migrating and nonmigrating diurnal and semidiurnal tides. The data were averaged into 5 km altitude and 10 • latitude bins and each bin was independently analyzed. We work in UT and for each altitude (from 30 to 120 km at each 5 km) and latitude (from 50 • S to 50 • N at each 10 • ) the data were arranged in a matrix with 24 columns (this is the longitude with a step of 15 • ) and the number of rows depending on the length of the investigated period of time in hours.
Zonal mean SABER temperature in the Arctic winter of 2003/2004
The left plot of Fig , while the right plot displays the same parameter, but seen in the UK Met Office (UKMO) assimilated temperature data. The SABER result is obtained by performing a linear two-dimensional (time-longitude) least-squares fitting procedure applied to a 3-day window which is moved through the time series with steps of 1 day. The following components are included in the fitting: (i) zonal mean temperature, (ii) linear trend term, (ii) migrating 12-(W2) and 24-(W1) tides, and (iv) the first three modes of the stationary planetary waves (SPWs) (i.e. SPWs with zonal wavenumbers 1, 2 and 3). The sum of the zonal mean and linear trend term is shown in Fig. 1 (left plot). We note that in order to extract the tides fully (without aliasing effects) we need to use at least a 60-day window (to sample 24 h in local time by combining ascending and descending data together). A 3-day window is used in this case in order to demonstrate the effect of the major SSW in December/January on the SABER zonal mean temperature that is surely with time scales shorter than 60 days. As a consequence of using a 3-day window we can expect some aliasing effects on the zonal mean temperatures from the migrating tides because the precession period of the TIMED satellite is long and therefore, over a period of one or a few days, there is little progression of local time. The detailed climatological analysis of the SABER migrating diurnal and semidiurnal (Pancheva et al., 2009c) tides for the time interval between January 2002 and December 2007 indicated however that in the stratosphere only the migrating diurnal trapped component has nonnegligible and regular behavior with summer values on the average of 4-5 K and winter ones of 2-3 K. This means that the evolution of the diurnal migrating tide aliases into the derived zonal mean temperature, shown in the left plot of Fig. 1 , but the aliasing effect is of the order of the winter migrating diurnal tide values. The high degree of similarity with the daily UKMO zonal mean temperature result presented in the right plot of Fig. 1 , which is not affected by aliasing, however, indicates that the aliasing effect on the SABER zonal mean temperature is insignificant. The period of time disturbed by the major SSW is clearly outlined in both plots of Fig. 1 . A large temperature anomaly composed of a few warm pulses could be distinguished between the beginning of December and middle of January. The onset of the major SSW is around 4 January when the zonal mean zonal wind becomes westward at 10 hPa and at 60 • N (not shown result). Therefore, the disturbed December-January period of time will be studied in detail later. The main focus will be on the tidal activity possibly related to the major SSW taking place in the middle of the Arctic winter of 2003/2004 . A detailed investigation of the planetary wave activity during the same winter seen in the SABER temperatures from the stratosphere to the lower thermosphere has been reported by Pancheva et al. (2009b) . ; black color for zonal wavenumber s=−2; blue for s=−2; red for s=−1; magenta for s=0 and green for s=1.
Spectral analysis
In order to see if the major SSW affects the nature of the tidal activity we perform a 2-D Lomb-Scargle (LS) periodogram method (Lomb, 1975; Scargle, 1982) only on the temperature data for the disturbed time interval December-January. We analyze the 40 • N temperature data because the data sets (calculated from 35 • N to 45 • N) for different altitudes are complete there. It is important to note that the 2-D LS amplitude spectra are calculated by including in the fitting procedure besides the tides all planetary waves having significant amplitudes in the period of time considered which are studied in detail by Pancheva et al. (2009a, b) . These are the SPWs and the zonally travelling planetary waves with periods: ∼24, 16, 11 and 5 days with zonal wavenumbers up to 3. Because of the satellite data sampling pattern and the variability of the planetary waves during December/January a very important problem in the tidal assessment is how to determine the reference noise level. We investigated in detail the stratosphere levels (30-50 km altitude) where the strong SPWs could alias on the tidal results. For each altitude level and for December/January time interval we generated 100 Gaussian noise datasets with length of 62 days and with data sampling pattern and variance as those of the true SABER measurements (Kong et al., 1998) . Then the 2-D LS periodogram was performed on the resulting noise datasets. The reference noise spectrum for each zonal wavenumber was calculated as an average spectrum. The result for the altitude of 40 km is shown in Fig. 2a , where the noise spectra for different zonal wavenumbers are presented in different colors. The result from this analysis indicated that only because of data sampling pattern and the wave variability in the winter time during December/January all noise spectra revealed a cluster of peaks near 24 h with amplitudes which do not exceed 0.55 K. We note that the same experiment was done on the 62-day hourly time series but without gaps and then the reference noise spectra did not reveal any prevailing peaks. Therefore the main reason for the observed in Fig. 2a cluster of peaks near 24 h is the data sampling pattern. The magnitude of the peaks, of course, depends on the data variance. Similar analysis of that shown in Fig. 2a was done on each 60-day window (because a 60-day window is used for extracting the waves) for the considered altitudes and for the entire winter time. On the average the obtained noise amplitudes were between 0.45 and 0.95 K. Therefore, all tidal waves extracted from a given 60-day window with amplitudes larger than 1 K are accepted as statistically significant.
As the emphasis in this paper is on the tidal activity observed in the stratosphere, usually accepted insignificant in comparison with that in the MLT region, we compare the amplitude spectra at 40 km (black line) and 90 km (red line) altitudes. Figure 2b presents the 2-D LS amplitude spectra calculated in the period range 3-30 h for the tides which are statistically significant. The spectra presented in the upper row of panels are those for westward propagating tides with zonal wavenumber 1 (W1) and 2 (W2). In order to facilitate the comparison these spectra have the same scales (up to 8 K) and describe the migrating 12-h (W2) and 24-h (W1) tides, as well as nonmigrating 12-h (W1) and 24-h (W2) tides. They indicate that while the migrating 12-and 24-h tides are considerably stronger in the MLT region than those in the stratosphere, the above mentioned nonmigrating tides oppositely are slightly stronger in the stratosphere than in the MLT. The three spectra in the bottom row of panels present the zonally symmetric (s=0) tides (right plot), eastward propagating tides with zonal wavenumber 1 (E1) (middle plot), and westward propagating tides with zonal wavenumber 3 (W3) (left plot). These spectra have the same scales (up to 4 K) and describe the nonmigrating 12-and 24-h tides. They reveal that the 24-h nonmigrating tides are considerably stronger in the stratosphere (40 km height) than those in the MLT region (90 km altitude) during the major SSW in December/January.
In order to be sure that the amplification of the nonmigrating 24-h tidal activity in the stratosphere during the major SSW in December/January presented in Fig. 2b is not related to the data analysis method utilized we perform 2-D analogous of the power spectrum obtained from the Fourier transform of the autocorrelation function (Teske, 1974) . In our case for each altitude and latitude the SABER temperatures can be presented as:
where is temperature, t -UT time in hours, l -geographic longitude. Then the 2-D autocorrelation function can be presented as:
where M is the expected value operator, τ and λ are the time and longitude lags, respectively. The power spectrum defined as a Fourier transform of the autocorrelation function can be expressed as:
In our case we introduce for convenience a space period in Eq. (2) defined as: T l =360/s, where s is the zonal wavenumber. Figure 3 presents the power spectrum for 40 • N latitude and 40 km altitude calculated from Eq. (2) for the time interval December-January, where τ and λ change from −120 to 120. The power spectrum is presented in the period range between 3 and 30 h and zonal wavenumbers between −4 and 4, where the positive (negative) wavenumbers represent the eastward (westward) propagating tides. A careful inspection of Fig. 3 indicates that the results there fully support the results from the 2-D LS amplitude spectra shown in Fig. 2b . The strongest nonmigrating tides are the 24-h zonally symmetric (s=0) and E1 tides followed by the 24-h W2 and W3 tides. The migrating 24-h tide can be distinguished in Fig. 3 as well. It is weaker than the above mentioned nonmigrating diurnal tides with a prevailing period slightly shorter than 24 h; the same feature is also well visible in Fig. 2b (upper  left panel) . Therefore, Figs. 2b and 3 demonstrate that by using two independent spectral methods we obtain one and the same result, which clearly indicates an amplification of the nonmigrating diurnal tides in the stratosphere during the major SSW which takes place in December/January. procedure has been tested on numerous synthetic time series, representing linear combinations of different waves, before to be used particularly for studying the tides. It is important to note that in the synthetic time series the data sampling patterns have been the same as those of the true SABER measurements. Always the obtained output from the decomposition procedure has been the same as the input. Usually the variations in the zonal mean and the SPWs during winter stratosphere are expected to be much larger than the tidal amplitudes. Therefore an important question is how well the above described data analysis method can characterize the tides in such condition. For this purpose we simulate a time series including the following quantities: (i) variable zonal mean described by a steady zonal mean and a zonally symmetric planetary wave (usually the planetary waves studied by SABER temperatures have periods of 5-30 days), and (ii) amplitude modulated SPW with a given period (that belongs to the planetary waves, 5-30 days) and a coefficient of modulation. We emphasize that the output from the analysis of the above mentioned synthetic time series does not consist any tides. The output is composed of: (i) zonal mean, (ii) zonally symmetric wave, (iii) SPW, and (iv) two zonally propagating in the opposite directions planetary waves with the same amplitudes and zonal wavenumbers and with a period that is equal to the modulating period of the SPW . Additionally, if to the above described synthetic time series a given tide has been included, then the same tide, with the given amplitude and phase is found in the output.
Therefore, by using a least squares fitting technique (to avoid the constraint of sampling uniformity) applied to a 60-day window (to sample 24 h in local time by combining ascending and descending data together) where the tides and planetary waves are simultaneously extracted from the SABER temperature data the aliasing problems between the variable zonal mean, variable SPWs and tides are fully overcome. We remind that when Gaussian noise is included in the data only because of the data sampling pattern some false diurnal tides with different zonal wavenumbers are generated however their amplitudes do not exceed 1 K.
The spectral analysis indicated that only the nonmigrating diurnal tides are particularly strong in the stratosphere hence only the results for the diurnal tides will be shown here. Figure 4 (left column of panels) presents the altitude-time cross sections at 40 • N of the following diurnal tidal amplitudes: migrating W1 (a), W2 (b), and zonally symmetric s=0 tide (c). In order to facilitate the comparison the nonmigrating W2 and s=0 tides have the same scale. The results can be summarized as follows: (i) the migrating 24-h tide amplifies significantly above 100 km altitude reaching amplitudes of 17 K; it has however mesospheric (centered near 80 and 95 km height) and stratospheric (∼50 km height) amplifications; during December/January, the stratospheric amplification is particularly strong reaching amplitudes of 4-4.5 K; (ii) the W2 and s=0 nonmigrating diurnal tides reveal significant amplifications in the lower mesosphere (∼70 km) and stratosphere (∼40 km) during major SSW in December/January; the stratospheric W2 and s=0 nonmigrating diurnal tides at 40 km altitude have amplitudes larger than those at 90 km, i.e. supporting the results from Fig. 2b ; and (iii) the W2 and s=0 nonmigrating diurnal tides show also a lower thermospheric amplification with maximum near 110 km.
Nonlinear interactions between stationary planetary waves and migrating tides have been proposed as possible sources of nonmigrating tides in the middle and upper atmosphere (Angelats i Coll and . In our case the W2 and s=0 nonmigrating diurnal tides can be generated by a nonlinear interaction between the SPW1 and the migrating diurnal tide. The bottom plot (d) of Fig. 4 shows the altitude-time cross sections of the SPW1 amplitude at 40 • N. The temporal evolution and vertical structure of the SPW1 amplitude in the stratosphere and mesosphere are the same with clearly outlined wave maxima near 40 and 70 km; the mesospheric maximum (9 K) is slightly stronger than the stratospheric one (8 K). The main amplification is observed in November/December being responsible for the major SSW (late December/January), while the secondary one is centered in the middle of February and it is related to the final SSW. The careful comparison of the SPW1 main amplification (November/December) with those of the migrating and nonmigrating W2 and s=0 tides in the lower mesosphere and stratosphere indicates that they are accomplished concurrently. Sassi et al. (2002) reported that the double peak vertical temperature structure in the stratosphere and mesosphere shown in panel (d) gradient, thus the temperature perturbations, maximize below and above 60 km height and display double peaks. The classical theory of atmospheric tides is also based on the hydrostatic approximations (Chapman and Lindzen, 1970; Kato, 1980) . Therefore, the double peak nonmigrating tidal amplifications centered near 40 km and 70 km has to be also a consequence of the maintained hydrostatic relation. In order to confirm this assumption the right column of plots in Fig. 4 shows the same wave amplitudes as those in the left column of plots but derived from the SABER geopotential height. The temporal evolutions of the geopotential tides and SPW1 in the stratosphere and mesosphere are very similar to those in the temperature waves but the amplitude maxima take place at the altitudes where the temperature waves have minima.
Figure 5 (left column of plots) presents the altitude-time cross sections at 40 • N of the migrating W1 (a) tide (the same as that in the Fig. 4 ) and the nonmigrating W3 (b) and E1 (c) tides. In order to facilitate the comparison again the nonmigrating W3 and E1 tides have the same scale. The plots (b) and (c) reveal that the nonmigrating W3 and E1 amplitudes at 40 km height are stronger than those at 90 km. This comparison supports the 2-D LS spectral results shown in Fig. 2b (bottom plots). In this case the W3 and E1 nonmigrating diurnal tides can be generated by a nonlinear interaction between the SPW2 and the migrating diurnal tide. The bottom SABER Temperature SABER Geopotential Height plot (d) of Fig. 5 shows the altitude-time cross sections of the SPW2 amplitude at 40 • N. The temporal evolution and vertical structure of the SPW2 amplitude in the stratosphere and mesosphere again are very similar with clearly outlined wave maxima near 40 and 60 km, however the stratospheric maximum (5 K) is stronger than the mesospheric one (3.5 K). The SPW2 amplification is observed in the period of time between the end of December and the middle of February. A careful comparison of the SPW2 amplification with those of the nonmigrating W3 and E1 tides in the stratosphere and lower mesosphere indicates again that they occur concurrently. Similarly to the SPW2 the nonmigrating W3 and E1 tidal amplitudes in the stratosphere are larger than those in the mesosphere.
In order to demonstrate that the stratospheric and lower mesospheric amplifications of the nonmigrating diurnal W3 and E1 tides are real and that they are a result from the hydrostatic relation the right column of plots in Fig. 5 shows the same wave amplitudes as those in the left column of plots but derived from the SABER geopotential height. Again as in Fig. 4 the temporal evolutions of the geopotential tides and SPW2 in the stratosphere and lower mesosphere are very similar to those in the temperature waves but the amplitude maxima take place at the altitudes where the temperature waves have minima.
It has been already mentioned that the TIMED is approximately a Sun-synchronized satellite. of using satellite-based measurements to derive atmospheric tides (Forbes et al., 2006) . As it has been mentioned before the evolution of the migrating tides aliases into the derived zonal mean temperature when we use a time window less than 60 days (see the discussion about the left plot of Fig. 1 ).
In a similar way, the temporal variation of the SPWs can alias into the non-migrating tides. This aliasing effect however is expected to ultimately disappear when all local times are sampled at all longitudes, i.e. when a 60-day window is used to derive the waves from the SABER/TIMED temperatures. We have to note also that an important advantage of the data analysis method used here is that the tides and the planetary waves (zonally travelling and stationary) are simultaneously extracted from the satellite data. This is another significant step in minimizing the aliasing effects between the tides and SPWs.
In order to demonstrate that the derived SABER SPW1 and SPW2 are not affected by aliasing effects we compare their altitude-time structures in the stratosphere with those derived from the daily UKMO temperature data at 40 • N. The derived UKMO SPWs are not affected by aliasing because the data are evenly distributed in time and space. The left column of plots in Fig. 6 shows the amplitudes of the SPW1, while the right one -those of the SPW2; at the upper row of plots are presented the SABER amplitudes, while at the bottom one are the UKMO amplitudes. The comparison between the amplitudes of the SABER and UKMO SPW1 (left column of plots) is excellent. The main amplification at both data sets is centered at 35 km height in the end of November and its maximum amplitude is 8 K. The SABER and UKMO amplitudes of the SPW2 (right column of plots) are also quite similar, particularly in the middle stratosphere (35-40 km height) where the maximum amplitude seen in both data sets is 5 K. These results indicate that the nonmigrating diurnal tides, particularly W2, s=0, W3 and E1, extracted from the SABER temperatures are not affected by aliasing effects from the SPW1 and SPW2. in the lower mesosphere than in the stratosphere and because of some penetration of the SPW1 to the tropical latitudes at mesospheric levels. Figure 7b shows the latitude-time cross sections of the nonmigrating diurnal W3 (upper left plot) and E1 (bottom left plot) tidal amplitudes at 40 km and 70 km altitudes. The nonlinear interaction between the migrating W1 diurnal tide and the SPW2 has been proposed as a source of the above mentioned nonmigrating tides, hence in the right column of plots their respective amplitudes are shown. Similarly to the previous case the nonmigrating W3 and E1 tides are observed only in the NH, however their amplitudes increase with increasing latitudes is smaller than that of the W2 and s=0 tides. While at 40 • N their amplitudes reach 5-6 K, at 50 • N they reach 7 K. The tidal amplitudes are enhanced concurrently with that of the SPW2 as the stratosphere nonmigrating activity is stronger than that in the lower mesosphere.
Latitude tidal structure
The clear associations observed in Fig. 7a and b between the latitude structures of the nonmigrating 24-h tides observed in the NH stratosphere and lower mesosphere from one side and the migrating diurnal tide and the SPW1 and SPW2 from the other side present additional evidence for the SPW-migrating tide interaction as a source of nonmigrating tides.
Summary
The main focus of this paper was to study the nonmigrating tidal activity seen in the SABER/ TIMED temperatures and possibly related to the major SSW in the Arctic winter of 2003/2004. The disturbed period of time related to the major SSW was distinguished by considering the zonal mean SABER temperatures shown in Fig. 1 (left plot) , where the disturbed time interval of December/January was clearly outlined.
The emphasis was on the tidal activity observed in the stratosphere and lower mesosphere which is usually accepted to be insignificant in comparison with that in the upper mesosphere and thermosphere. A new method for defining the reference noise level of the tidal waves has been described. This problem is very important for the tidal assessment when they are derived from the satellite data. This is based on the fact that only because of the satellite data sampling pattern and the wave variability during the 60-day windows used for extracting the tides from the data false diurnal tides with different zonal wavenumbers are generated (see Fig. 2a ) Actually, this is the aliasing problem in our case where the tides and the planetary waves are simultaneously extracted from the satellite data. All results presented in this study are based only on statistically significant temperature tides (with amplitudes larger than 1 K) derived from the SABER measurements.
Two types of spectral analysis were performed on the SABER data: 2-D (time-longitude) LS periodogram method and 2-D (time-longitude) power spectrum obtained by a Fourier transform of the 2-D autocorrelation function. The second method is not well known and its brief description was included as well. The two independent spectral methods applied to the SABER data at 40 • N latitude and 40 km altitude for the disturbed time interval December-January revealed the same result (see Figs. 2b and 3) , which consists of a significant amplification of the following nonmigrating 24-h tides: zonally symmetric (s=0), E1, W2 and W3 tides. Using different independent methods and obtaining the same results is an important evidence for the validity of these results.
An important step in this study was the simultaneous extraction of tides and planetary waves from the satellite data. In this way a possible distortion of the weaker waves by the stronger ones, as well as some aliasing effects between tides and SPWs were avoided. We remind that the numerous examinations of the data analysis method applied on synthetic time series with data sampling patterns the same as the true SABER measurements unambiguously demonstrated that the output results are always the same as the input ones. The waves were extracted by using a linear twodimensional (time-longitude) least-squares fitting procedure applied to a 60-day window (because it takes SABER 60 days to sample 24 h in local time) which was moved through the time series with steps of 1 day in order to obtain daily values of the wave characteristics. Regardless of using a long time segment (60 days) for evaluation of the tidal characteristics the sliding procedure gives a chance the tidal variability of a month time-scale and even less to be detected. In this way it has been found that the nonmigrating diurnal tidal activity amplifies significantly in December/January when the major SSW takes place.
By comparing the altitude and latitude structures of the nonmigrating (W3, W2, s=0 and E1) diurnal tides with those of the migrating diurnal tide and SPWs (Figs. 4, 5 , 7a and 7b) we documented evidence for the SPW-migrating tide interaction as a source of nonmigrating tides. An important result is that the found double peak nonmigrating tidal amplifications centered near 40 km and 70 km are a consequence of the maintained hydrostatic relation. Therefore, if the nonmigrating temperature tides are seen in the lower mesosphere (Lieberman et al., 2004 ) most probably they should be present in the stratosphere as well.
In order to demonstrate that the SABER SPW1 and SPW2 amplitudes are not affected by aliasing effects we compared them with those derived from the UKMO assimilated temperature data at 40 • N. The agreement between the two and particularly for the SPW1 is excellent (Fig. 6) . As the UKMO SPWs are not affected by aliasing this means that there are no aliasing effects between the SABER SPWs and the considered nonmigrating diurnal tides.
In conclusion, we note that by investigating the tidal activity seen in the SABER temperatures it was found a significant amplification of some nonmigrating 24-h (zonally symmetric, E1, W2 and W3) tides in the stratosphere and lower mesosphere closely related to the major SSW observed in the Arctic winter of 2003/2004 . By detailed comparison of the evolution and spatial structure of the nonmigrating diurnal tides with those of the migrating tide and SPWs it has been presented evidence for the SPW-migrating tide interaction as a source of nonmigrating tides. Therefore, the nonmigrating 24-h tides turn out to be an important component of the middle atmosphere dynamics during the major SSW in the Arctic winter of 2003/2004. 
